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Sommary 

Ixansgenic mice homozygous for a ^rixiicroglobulin (jSrm) gene disruption and normal mice 
that had been treated with a CDS-spedfic mAb were infected intraQasally with an H3N2 influenza 
A virus. Both groups of CDS T cdl-dcfident juice eliminated the virus (com the infected respiratory 
tract. Patent CTL activity was detected i» lung lavage populations taken from mice wim intact 
CDS'" T cell fimction, with minimal levels ct cytotoxidty being found'for inflammatozy cells 
obtdned from the antibody-treated and ^rm mutant mice. Wc therefore conclude that cells 
infected with an influenza A virus can be cleared irom the respiratory tract of mice lacking both 
functional class I major histocompatibility complex (MHC) glycoproteins and class 1 MHC- 
restrictcd, CD8' effector T cells. 



The a/jS T cell is considered to be the primary 

mediator of viral clearance in virus infections (1). The 
central idea is that the class I MHC glycoproteins that present 
the viral peptides recogni2ed by the CDS* efiectors are 
widdy cjcpressed (or readily induced) in most tissues, thus 
niiniinizing the possibility that infected cells will escape im- 
mune surveillance (2, 3), The immunopathogenesis of mu- 
rine influenra pneumonia is thought to be in general accord 
with this model (4). Potent, infiuenaa^specific class I MHC- 
restricted CTL activity is found in the lung after 7 d of infec- 
tion, with virus clearance being only slightly delayed in mice 
depleted of CD4* T cells (5). Early diraination of influenza 
virus from naive mice is promoted by the adoptive transfer 
of virus-specific CDS* effectors, cither as cloned lines or as 
populations of immune spleen cells (4, 6, 7). The immune 
T ceils apparently interact directly with lung cells expressing 
surface changes induced by the virus, as mice infected simul- 
taneously with two different influenza A viruses only show 
rapid dearancc of the virus for which the transferred, CDS* 
CTL line is specific (7). However, the condusion that the 
CDS* T cell is the sole effector capable of terminating 
Influenza pneumonia has yet to be substantiated. The present 
analysis thus addresses this question using both conventional 
^ice depicted of CDS* effectors by in vivo treatment with 
« CDS-specific mAb (8, 9), and transgenic mice homozy- 
gous for a j82-microglobulin (/Jrm)^ gene disruption (j82-m 




f-/-]) that lack functional chs$ I MHC glycoproteins and 
, CD8^ c^iS T cdls (10). 

Materials and Methods 

, Mtu. Female C57Bl/6I(B6,H-2*) mice purchased from Tlic 
Jack Km Laboratory (Bar Harbor, ME) were infected at 8 wk of 
age. Mic« transgenic for a homoaygou* {-/-) /8rsn gen* disrup- 
tioD, and heterozygous (+/-) controls that express class I MHC 
glycoDratcins normally, were derived from (129 x B6)F2 (ti-2f') 
founder stock (10). Thty were bred at the Whitehead Institute, 
and later transfanrd to St. Jude Chfldien*s Research HospitaL Apart 
from the influenza infection, tnicc were maintained under specific 
pathogen-free conditions. 

Viruses. Tht A/HKx31 (H3N2) bfiuenza A virus (11) was 
grown in the albntoic cavity of embryonated chicken eggs. Stocks 
of alUntcic fluid containing this virus were shown to be free of 
bacteria, including mycoplasma, and endotoxin (5). The mice were 
infected intraaasally under Avertin {2.2,2-tribromocthanol) 
auesthesia with 30 ^\ of PBS containing 240 hcmagglutinitlng units 
of the virus, whiclx represents '^'l/10 of the lethal inoculum for 
8-wk, female 56 mice (our unpublished data). VitMs was re-isolated 
from the experiTncntal mice by grinding the lungs in 10 ml of 
PBSt thep injecting 200 fd of serial lO^fbld dilutions Into the allan- 
toic cavity of embryonated chicken eggs. Samples of allantoic fluid 
were tested 4S h later for hemagglutiniting activity, and the results 
wc?e reported as the antilog of the dilution at which virus wis 
detected in 50% of the eggs inoculated (12). 

Deletion of CDS* T Cells, Mice were depleted of CD8* T 
c^s by intraperitoneal inoculation wiih 0.5-im ahquots of a 1;10 
diludon of mousie ascitic fluid containing die 2.43.1 mAb (9). The 
mAb was given 3 d befctre, on the day of infection, tt 3 d after, 
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Sth* «S«>«ic, vifuiited dveoW nuietophage «D Ime (17) 
compatibT'^Cr^l^Wed. A/HKx31-mf^nxA MC5^(^^^^^ 

foiSei UI,S^Se«l cl»» I MHC^estitetcd effecton, while the . 
I • Wl W hTth daa I and cUss H MHC-iwtricted popnU- 
latter is lysed ty both ma i sno 

tions. NK cell activity was tneastaed on the YAC-l f^8«^"'^ 
Nottaal MC57G oi P815 ceJb wen u«d « t«8«' 
of001% PHA lectin (Pifco lal>ontofiej. Det.«t. Ml) to detat 
1 "Sh xXSvated lytk n^chinety. P815 «1U with <m FcR. 
ciTb to CD3e (D) were used to -Icmonsttate theptesena 



of CD3* cytotoxic c6ector». The IcvcU of cytotosdeii^ ate «- 
pr«5cd as percent specific '"C^ t«l«»« ™ » ««y 

Resnka 

Jrt I'hw DepUlton with 4 CD8-spec^ riUk Jii^»^0ti 
of the CDS* T edls (CD8a and -Bble 1) nathet 

e«at)Y modified the severity of the inflaramatoty process nor 
virus ck^noe (VHA. I). Ti«f^»^SSt^f 
Kon in normal mice Wis progwiiively aortinatedby the 
CDbZ/^ T ceUs. with the CD8/CD4 raUos in the bog 
lm« populations larging from 2.5:1 on day 5 to >6:1 on 
The CD8-deplc^ mice showed a niauve jnaeasc ,n 
S prevalence of the CD4* M^bset CTaWe 1). with the to;^ 
n Jbexs of CD4* lymphocytes '^^^f^'^JT^. 
threefold (compartd to anticated mice hy 10 d after intec- 
S^n ¥hc numLs of y/6 T c^s ^ ^^^^fj^^ 
higher in tnice lacking the CD8* subset. However, we do 
not Low bow accite . reflection the flow motnetry 
fi^diS* are of the total number, of y/6 T cells the lunr 
^periments (our unpublished data ba^ shown t^ 
r^y cells that CKj^s y/6 TCR «RNA (19) aw m a^ 
with high 90- Ught scatter, which stains nonspecifically and 
is oorwally gated out on the flow <7^r^- - „ 
As might be expected, elimination of the CDS T ceUs 
prevented the development of virus-spccifc class I MW> 
Eted OIL CBble 2). Activation of NK cells, a nonnal 
feature of the early response to many infeaiomvuuses(W^^^ 
was not prolonged in die OJS^eph^ed ^^1^^0-1 «rg 
Tiblc 2). Similarly, the absence of the CD8 <^'P j^^ 
throughout the course of the disease P^^jJ^t^^^'^^ 
tate the emergence of other cytotoxic effectors, sudi as 
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Table 2. Omsequenm of CDS Devktion for Virus-fpedjic 
CTL and f4K Cell AcUvity in Freshly bokt^ Lung 
Lavage Pcpulaiiom 

Percent jpedfic *K:R rdeiie 
(E/T 20:1) 



Table 3i. Lcciw-dcpendent Cytotoxicity for Lymph Nade Atti 
iMftj^ Celh from Normal and CDS-deplctcd Mkc with Influenxa 
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P»ded lungliv*g« celb from iwimai and CD6-dcp!«od A/HKx3Wnfcictcd 
B6 mice were te»ted in ^ 6-L telcate "My wing ^f^^ 
A/HKx3l-in{eCMd and nonnal MC$7G targets and the YAOl NK cell 
target, as described in Materials and Methods. 



CD4* CTL, lymphokine-activatcd killer cells, or cytotoxic 
macrophages that could mediate lectin-dependcnt lysis of P815 
target cells (Table 3). The only cytotoxic activity, spcdfic or 
nonspecific, found for freshly isolated cells was in the lung- 
lavage populations from influenza-infeaed mice with intact 
CD8* T cdl fonctioa. Lymphocytes taken directly from the 
-regional, mediastmal lymph nodes (MLN) of either the un- 
treated or the CDS-dejrfetcd mice were not <7toto»c (TaDle 
3). However, the presence of CTL precursors io MLN from 



Some of the A/HKx31-infiecicd B6 mice were tinted with the 2.45.1 
luAb, and freshlv Uobtcd MLN tnd lung cclU were tftftttd for leain- 
depe^dent cytotoxicity in a 6-h 5»Cr rcicise assay. Theic procctoes are 
i^trhc^ in Materials and Methods. Other cdl$ were cdturcd for 5 4 
with wi Irradiated, iniuccxa-virus Infoeted, cb« H h4HC-pwirfve mic- 
rophage cell line of B6 origin in the xhmu of added IL-2. 



the normal (but not the CD8-dcplctcd) mice whs shown hy 
culturing for 5 d in the presence of a virus-infected B6 mac- 
rophage line (Tabic 3). 

Thus, the development of both CTL in vivo, and precursors 
that c9uld be expanded in vitro to mediate da-ss I MHC- 
re&tricted. virus-specific cytotoxicity, was essentially limited 
to mice with intaa CDS*^ T cell function. The results es- 
tablish that influenza virus is cleared effectively in the ab- 
sence of a substantial population of CDS* effectors. How- 
ever, the possibility that a few virus-specific CDS* a/^ T 



Table 4. Vim Clemnce end Cytmxidty in Hcmozygous (- fiz^ Mmnt me md Hcterozygot, Conitol Mki 



Percent specific "Cr release* 



after 
infecdoD 



Group 



Virus 
isolation 
from lung 



E/T 
ratio 



ctcm 



P815* 
PHA 



Normal 
P185 



YAC-l 



10 



13 



-/- 



0/4 

0/4 
0/4 



40:1 
20:1 
40:1 
20:1 

20:1 
10;1 
40:1 
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47 
44 
9 

7 

19 
13 
15 



45 

37 
2 
0 

31 
30 
8 
2 



3 
0 
0 
0 

2 
1 
1 
0 



7 
7 
0 
0 

7 
5 
1 
0 



Tl. rcAc. we Infoocd intr««^y Vuh 240 het^seglutinating units of the HKx3l ^r.^--^^) S w'^Z^v^fit^ 

of the hcmo^tcs. and one of th« control, died -^^^ >^t^^^J^'^ To^Ting f^^lL^ 

The MLN were tcstd by tvwH»bffiowcyioni=tric analysis fof the ^ o/^f^TCR ^pnocytes. w«n nonci. g 

^^4"i^s ar= for hmg lavage c«lU pooled from fcur mice. No evidence of cytotoxiciv, ^ found U eelU from the MLN. The as«y systems 
are described In Materials ai^d^Mcthodt. 

* Virus was detected oidy iu an undiluted King homopeoatc of one mould. 
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„. c obul^a from .^/^^'iSn^VuTfof 4 d b«fctc anuy of cyto:««aty a.»g cUss I MHC 



MLN iBcre ( 



«Us have escaped the mAb-dei,leaon regime « dificuh to 
exclude with this experimental system. - 

firm (-/-) inice l»ck both CD8^ «/^ T «1U and 
MHC glWot«t« (10). Consequently, it do« not ^ 

S operating. InBucnza vixu. ^^'^-^J^^^^^^^^^ 
thelua« of both the ^i-m -/-) imce and the J^^J'. 
rol widiin 10 d of infeaiou. and completely ehipinaud 
a funher 3 d (hh\e 4). Potent CTL ^cavt^ medi^W 
by CD3* lymphoq'tes w»» present m the IuhrI'^B'? 

much lower le^d, o£ CD3-depcndent (or PHA-dcpendent) 
cvtotoricity bemg observed for inflammatory ceUs froJB the 
? IT/Js fflutants (Tabic 4). The latter acti%ity could be 
K ^^ aTT cells orV^ T cells. Als(^ tb-^ 
no kdication foat the NK response me«area ot>YAf-\«^ 
was compensating for the lack °f '^f l^.^?^ '^^j 

li-mph node cells taken from both the ^J-'«.(+',:> 
the (-/-) mice at 13 d aftc: infection ^-ere 

with v:rc,-infe^ed -^^'^^Vcc^^^^^^ 
No evidence for the devdopment of CD8 a/P T 
W for the cultures from the (-/-) m.cc ^^^J^^^^" 
W for the ck« II MHC^ LB15.13 targets i»fcc^ * A 
ThKxSI virus were detected C&ble 5). CuU^fom the 
( +/^) controls contained a predominance of CDS i 
«lls, showed strong dass 1 MHOrestr^ctcd vitus-speafic 
Cri activity, and » W»-^<>f ^D3-dcp«i<kmlys:^^^^ 
that observed for the (-/-) m^ ^^^l^^Sd 
Ution. Thus, v,hfle vims-specifc. class U MHC-r«^c^ 
CTL can be generated in vitro horn the %m (-/ ) 
the overalll^^el of <7toto^c effector function is W than 
that found for the (+/-) controls. 

Discussion , i- • 1 

The present otperinients show that mice lacking fan«iotul 
cU s I MHC glWottins md/or CDS/ das-s I MBC- 
LsSictodTffector T cells can eliminate inHuenra virus from 
The m^rLe lung. The «le of CD4* T cell* m murine 



influenza pneumonia has been eicplored P^"jy,^«^ 
fering immune effectors into native, '•^''■^^^1^ 
3tiow of CD4*8- T cells isolated directly &om 
^ETf^inis-primedmicedidnotd^^influei^v^^^^^ 
id even cau.sed enhanced itnmunopathology, while m viao 
XSTrus-spedfic C04*8- T cdl don« promoted 
S^c^ery (S). 21). Also, removing the OM* popul»- 
S by in vSo treatment with mAbs caused httle delay In 
vSs cieTr^nce. though the virus-specific If . ^espon«. w« 
greatly diminished (5, 22). The c«;eraU conclusion is th^ th... 
£f Jon can be terminated by "VKCD4 0 CDS 
effeaors. but siniultaneous removd of both these T cell subsets 

eads to death (our unpublished i^^^?^'^' '^'^^Z 
may nonnally l>c skesved (A) to emphasize the development 
of CDS' T cdl-mediated in'ni'inity. 

The fectthat elimination of the CIM; ?=f JDS Tod^ 
subsets by in vivo treatment with mAbs t« lethal for mice 
wS iXenaa (out i^npublished data) n^Acates jha 
SS-8- T celU acting alone cannot compensate for the 
Snce of^ihc CD4* and CD8; e&cto«. CcUs «pte^ 
v/6 ICR mRH A arc prominent 1 ate in the course of mfluent. 
pneumonia, but the Cency of lymphocyte, t^t «pr^ 
a functional y/6 TOR within tbs popuUtiop has not yet 

Sshed (19). It isdear that the majority of the 
iS^ niRNA' «U, found in the bngs of normal iTice vnA 
XenTare CD4-8'. <x/p TCR". and arc not phago- 
Sric (19. 23). Uninfected /3rm (-/-) transgenic mice shcN. 
SXumbers of y/B T cells (10). and there, is no evidence 
Xrthese Ivmphoiytes are functionally defective. Howcve.- 
Shror' not thTy 5 T cells pUy any xole in virus clear 
ance is ycx to be established- ^^««.„. 

Cells from the (S^m (-/-) mice do «P^«« ""^^JJ"^; 
tration of ceU surface H-2D» glycoprotein, and m the pr^ 
ence of exogenous bovine ^rm ^J^T' Jf^l^^S^gb 
for aUoreaciivc CTL *pedfic for H-2DM10). The H 2D 
molecule presents the influciua virijs ^£ 
recoenized by most of the CD8* T cdU generated dunng 
rSSnsc to this virus in H-2^ mice (3). The tnabihty to 
*«S cUss 1 MHC-restricted CTl ^ctiv^Y ^ 
fccted with an influenza A virus estabUsncs agam (10) that. 
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ic the absAicc of endogenous ^rm protein, the H-2D^ mol- 
eoxlc is nonfunctional in viva 

This study establishes that, while class I MHC-rcstrictcd 
CDS* CTL may be the main mediators of influenza vims 
clearance in notmal niice (1, 4, 6, 7), an alternative mecha- 
nistn oQSts for terminating the infixtious process. The Hkely 
effictor is the vinis-specifec, class II MHC-restricted, CD4'' 
T cell (20, 21). These CD4'' T cdk could mediate virus 
clearance by various mechanisms, luch as promoting the local 



influenza-specific B cell response (21), acting ditcctly on class 
II MHC* target cells in the virus-infected lung, or 
providing help for other potential effectors such as the y/d 
T cclk The results indicate a redundancy in ccU-mcdiatcd 
efiector mechanisms, at least in youngs healthy adult niice 
infected with a vtrm that grows mainly in suifece epithdium. 
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